mone stimulation and IGF-1 generation tests, was normal. Exome sequencing was performed. Results: Exome sequencing identified the presence of a homozygous frameshift mutation (p.Ser258Trpfs * 39) in ACP5 in both siblings, which was confirmed by Sanger sequencing. This specific mutation has previously been described in patients with SPENCD. Additional workup in the two siblings showed distinct features of skeletal dysplasia on X-rays consistent with SPENCD, but none of the common autoimmune or neurological abnormalities associated with this condition. Conclusion: Severe short stature can be the only presenting sign of ACP5 deficiency and the latter could therefore be considered as a rare cause in the differential diagnosis of severe, proportionate growth failure.
Introduction
Short stature can be caused by many different diseases and conditions, as well as by primary growth disorders affecting growth plate physiology, GH/IGF-1 axis signaling, cell cycle control, and centriole functions. In cases of severe idiopathic short stature, whole exome sequencing can be used for diagnostic purposes with a reasonable chance of identifying the underlying genetic defect [1] . In this study, exome sequencing led to the identification of a homozygous mutation in ACP5 in two siblings who presented with isolated extreme short stature but without the typical autoimmune features seen in the rare form of spondyloenchondrodysplasia (SPENCD) caused by ACP5 mutations.
Case Report
A 13-year-old girl (P1) and her 8-year-old brother (P2) from a consanguineous Turkish family presented to their pediatric endocrinologist for the evaluation of severe short stature (approx. . Both children were born full term after uncomplicated pregnancies and deliveries. The exact birth weight of P1 was unknown; P2 had a birth weight of 3,000 g. The neonatal course and overall health during infancy and childhood had been excellent for both siblings other than the onset of progressive postnatal growth failure with a gradual decline in height to below -5 SDS. Neither of the siblings had a history of frequent childhood infections, recurrent fevers, skin or joint problems, or chronic gastrointestinal complaints, and their weight relative to their height had been normal throughout their childhood. The neurological review of symptoms was negative, other than a slight delay in the onset of walking (2 years of age) in both siblings. School performance was noted to be moderate in both of them. The father's height was 153 cm (-3.2 SDS) and the mother's height was 150 cm (-1.7 SDS), which translated into a female mid-parental height of 145 cm (-2.5 SDS, for P1) and a male mid-parental height of 158 cm (-2.5 SDS, for P2). The parents are second-degree cousins and both were asymptomatic, with no significant past medical history. The parents have 2 other healthy children: a 15-year-old female with a height of 151 cm (-1.4 SDS) and an 11-year-old male with a height of 126 cm (-2.7 SD). The timing of puberty had been appropriate for age in both parents and the 15-year-old sister.
On physical examination, it was noted that both children had severe short stature (P1: height 123 cm, -5.5 SD; P2: height 98 cm, -5.1 SD) with a mild decrease in the sitting height ratio in P1 and a normal ratio in P2 (P1: 0.50, -2.5 SD; P2: 0.54, -0.5 SD [2] ), no facial dysmorphisms without any midline defects and normal hands and nails. BMI and head circumference were normal for their age ( table 1 ) . Cognitive and verbal skills were also appropriate for their age. There were no joint or skin abnormalities, and neurological examination including gait was normal. The endocrine workup was normal, except for low baseline IGF-1 levels in both siblings and a low IGFBP-3 level in P2. However, a clonidine-levodopa growth hormone stimulation test and an IGF-1 generation test were normal in both siblings ( table 1 ) .
Written informed consent for research testing was obtained for all family members. Whole exome sequencing of the two affected siblings was performed at Cincinnati Children's Hospital Medical Center as previously described [3] . Given the consanguinity of the parents and the severity of the growth phenotype, we filtered the exome data looking for nonsynonymous, homozygous variants present in both siblings with a minor allele frequency of <0.001 in the 1,000 Genomes and ExAC Browser databases (http://browser.1000genomes.org/, http://exac.broadinstitute.org/). This identified 10 different candidate genes (online suppl. table 1; see www.karger.com/doi/10.1159/000443684 for all online suppl. material), only one of which (ACP5) harbored a previously reported, pathogenic homozygous frameshift mutation (p.Ser258Trpfs * 39) associated with severe growth failure [4] . The other 9 candidate genes had no apparent connections to any known growth disorders or biological pathways affecting human growth. Sanger sequencing confirmed the presence of the homozygous p.Ser258Trpfs * 39 mutation in both siblings. Mutations in the ACP5 gene are known to cause SPENCD, characterized by short stature due to skeletal dysplasia in addition to various autoimmune and neurological abnormalities [4, 5] . Subsequent to our exome analysis, we performed skeletal surveys on both siblings, which revealed characteristic findings of 
Discussion
The ACP5 gene encodes the tartrate-resistant acid phosphatase (TRAP), a protein thought to play a major role in immune regulation and bone physiology. TRAP deficiency was first described in 1976 in a report of two brothers with severe platyspondyly [6] . TRAP-deficient mice have metaphyseal changes with increased bone density and immunological impairments including impaired dendritic function [7, 8] .
The ACP5 mutation identified in our two siblings (p.Ser258Trpfs * 39) was previously reported as one of a number of ACP5 mutations that cause SPENCD [4] . A concurrent study by Lausch et al. [5] independently confirmed the causality of ACP5 mutations in this syndrome, which is characterized by a mild skeletal dysplasia phenotype and a high prevalence of autoimmune symptoms, including thrombocytopenia, hemolytic anemia, hypothyroidism and lupus-like nephropathy and vasculopathy. Elevated serum interferon-α activity and a 'type 1 interferon expression signature' was found on whole-transcriptome microarray expression, which could contribute to the autoimmune phenotype in many of these patients [4] . In addition, a significant subset of SPENCD patients has overt neurological abnormalities including developmental delays, spasticity, ataxia, and intracranial calcifications on MRI [5] .
Prior to the reports by Briggs et al. [4] and Lausch et al. [5] , several other studies had already reported on the variable degree of autoimmune cytopenias and lupus-like symptoms in SPENCD patients, as well as various neurological abnormalities [9, 10] . Although not a primary focus, the provided height data indicate that the majority of SPENCD patients display significant short stature with a median height around -3 SDS, ranging from -1.8 to -6.5 SD [4, 5] . A variable but significant degree of short stature, therefore, seems to be an integral part of the SPENCD syndrome.
The presentation of our patients with isolated severe short stature (-5 SDS) as the cardinal feature in the absence of immune-related or neurodevelopmental symptoms is striking, but not unique: one of the patients described by Briggs et al. [4] also presented with unexplained, isolated short stature and was diagnosed with SPENCD due to an affected brother. They both carried a c.266C>T variant. While she did not demonstrate significant immunological disease (other than the Raynaud phenomenon) or neurological disease, her affected brother, interestingly, suffered from spasticity, elevated antidsDNA and ANA antibodies and a vasculitic skin rash, underlining the poor genotype-phenotype correlation. Both siblings were -3 SDS in height and had platyspondyly on X-rays. A subtle disproportion was present in P1 but not in the younger sibling. Additionally, Briggs et al. [4] reported a patient with the same (p.Ser258Trpfs * 39) mutation as identified in our siblings. The reported patient presented with leg pain at the age of 4 years and was also found to have significant short stature (-3 SDS), although not to the degree as we observed in our patients. Similar to our patients, X-rays showed metaphyseal dysplasia and platyspondyly, but she also had documented Median age is depicted for the study population in the studies by Briggs et al. [4] and Lausch et al. [5] . Proportions are depicted for the patients in the studies by Briggs et al. [4] and Lausch et al. [5] on whom detailed clinical information was reported in the supplementary methods of both papers. n.a. = Not assessed; ACR = according to American College of Rheumatology criteria.
